Species reintroduction is a management strategy used to conserve endemic fish 28 biodiversity. We investigated stocking on-grown endangered trout cod (Maccullochella 29 macquariensis) in the Murrumbidgee River, Australia. We also tested the hypothesis 30 that post-juvenile dispersal underpins the long term scarcity of adults recorded at 31 fingerling stocking locations. Radio-tracking was used to quantify dispersal of stocked 32 sub-adults (two-year old, hatchery fish, n=27) compared with fish originally stocked as 33 fingerlings (unknown age, wild fish, n=31), but we encountered poor survivorship of the 34 former group (survivorship = 9% and 95%, respectively, at 13 months post-release). 35
Introduction

51
Species reintroduction programs (Wallace 2000) , including those for threatened fishes 52 (Brown and Day 2002) should be based on a detailed and transparent platform of 53 experimental research (Fischer and Lindenmayer 2000) . Translocation of wild fish and 54 stocking of hatchery-reared fish are common approaches to re-establishing populations 55 of threatened species (Minckley 1995) and enhancing fisheries (Molony et al. 2003) . 56
Comparison of wild and hatchery-reared fish in the hatchery (Metcalfe et al. 2003 ; 57 The main hypothesis that we tested was that post-juvenile dispersal is the reason for the 122 scarcity of sub-adult and adult M. macquariensis recorded at stocking locations. Despite 123 indications that juveniles can be gregarious (Douglas et al. 1994) , it is possible that as 124 individuals grow and mature they become territorial, leading to dispersal from the 125 release sites, since under hatchery conditions individuals become particularly aggressive 126 towards one another from a very early age (Brett Ingram, Department of Primary 127 Industries Victoria, pers. comm.). Therefore, to improve re-establishment of populations 128 of M. macquariensis it is important to determine the movement patterns of sub-adults 129 following stocking in rivers. Hatchery-reared M. macquariensis released into upland 130 streams (Ebner et al. 2005 ) and hatchery-reared salmonids released in the Northern 131
Hemisphere have been reported to disperse predominantly in a downstream direction 132 (e.g. Bettinger and Bettoli 2002) . In the context of M. macquariensis limited dispersal 133 has been observed previously in a lowland river (Koehn et al. 2008) and percichthyids 134 are known to home following release (Crook 2004a, b) . We tested the hypothesis that 135 hatchery and wild-reared M. macquariensis would disperse differently. Additionally, 136 stocking of on-grown fish is also examined as an alternative reintroduction strategy to 137 releasing fingerlings. We also aimed to determine the habitat use of this species to 138 inform river restoration programs in the Murrumbidgee River. from Snobs Creek Research Station (Department of Primary Industries) in Victoria and 166 transported to the Narrandera Fisheries Centre in NSW. These individuals were bred 167 8 from wild broodstock (Murray River natural population). Initially post-larvae were 168 reared in a fertilised earthen pond under semi-natural conditions. After harvesting the 169 pond, fingerlings were transferred to hatchery facilities where they were weaned onto an 170 artificial extruded diet then on-grown in 500-L circular fibreglass tanks that were part of 171 an intensive recirculating aquaculture system. Methods used for fry rearing, weaning 172 and on-growing were similar to those employed for Murray cod [M. peelii peelii 173 (Mitchell)], which are described in more detail by Ingram (2004 ranged from 1.1-2.1% and 0.6-2.1% for hatchery and wild fish, respectively. The 191 surgery method was similar to that described by Ebner et al. (2007) with data transformed where necessary to achieve approximate normal distribution 292 (Tabachnick and Fidell 1989 Dispersal from the release site was characterised by a different scale of movement 299 between the two M. macquariensis groups (Fig. 2) and was significantly greater for the 300 hatchery than the wild group at both one (T= 2.45; d.f.= 40.8; p<0.05) and three months 301 (T= 2.14; d.f.= 41.8; p<0.05) post-release. Individuals from the wild group remained 302 within 5 km of the release site (upstream or downstream) for the majority of the study 303 with the exception of a maximum of four individuals on any fortnightly or monthly 304 radio-tracking exercise (Fig. 2) . Typically these exceptions involved movements up to 305 15 km upstream or downstream from the release site, although one individual was 306 recorded 40 km upstream of the release site over a four and a half month period (Fig. 2) . 307 14 km downstream of the release site, plus large-scale downstream movement of 309 individuals within one month of being released (Fig. 2) . Two individuals that had 310 passed through Yanco Weir and were 40-50 km downstream of the release site 311
represented the largest of these downstream movements. At 7-8 weeks post-release the 312 location of individuals from the hatchery group was similar to the previous fortnightly 313 fix and generally remained stable until the completion of the study (Fig. 2) . 314
Additionally, a hatchery individual that was undetected at 4 weeks post-release was 315 located 10-15 km upstream of the release site 7 weeks post-release where it remained 316 for the entire study (Fig. 2) . 317
318
Up until 5-6 weeks after release both the hatchery and wild groups remained close to 319 the release site, with the hatchery group also dispersing downstream whilst the wild 320 group moved in either direction ( Fig. 3a and b) . After this time, there was minimal 321 movement by hatchery individuals (Fig. 3b) . Similarly, there was minimal movement 322 by the majority of wild individuals, however, a subset of individuals displayed 323 pronounced upstream and/or downstream movement (Fig. 3a) . These movements were 324 not synchronised, occurring in November and December 2003, and April, May and 325
September 2004 based on monthly radio-tracking exercises (Fig. 3a) . These movements 326 showed no discernable relationship with changes in discharge, temperature (Fig. 3c) In addition to movements detected by monthly and fortnightly radio-tracking, the 330 downstream (Yanco Weir) telemetry logger (set-up after two hatchery individuals had 331 passed through the weir (Fig. 2) greatly throughout the course of this study (Fig. 4) . In the case of the wild group, 29 348 individuals were alive six months after release (Fig. 4a) . One individual had a failed 349 radio-transmitter (heard failing during radio-tracking) and one individual was suspected 350 (and later confirmed) as a mortality or radio-tag rejection. Twelve months after release 351 19 individuals were alive and being radio-tracked, with 11 radio-transmitter failures and 352 no further radio-tag rejections or mortality (Fig. 4a) . A light aircraft was used to search 353 for a number of these failed transmitters and verified they were not operational in the 354 study area or surrounding areas. One individual was reported as an angler capture and 355 16 subsequent release. This fish was radio-tracked following capture for three months until 356 its radio-transmitter failed. 357
358
For the hatchery group, survival of individuals declined rapidly, with only 14 359 individuals alive after one-month (Fig. 4b) . This number decreased to six individuals 360 two months after release, with three individuals alive after 12 months. Three radio-tags 361 were recovered from shallow water during low-flow events in the river at three, six and 362 nine months after release. Further, a large number of radio-fixes for hatchery individuals 363 were taken in repeated locations for the duration of the study from 'suspect' locations in 364 either relatively shallow water, or open water devoid of suitable structure, or associated 365 with access points along the river. Three of these radio-tags were verified as radio-tag 366 rejections or mortality through 24-h radio-tracking (i.e. no movement detected), as was 367 one radio-tag from the wild group. In these cases it could not be determined if rejection 368 of radio-tags or mortality had occurred. In contrast, the majority of wild individuals 369 regularly moved short but detectable distances. As a consequence, further analyses were 370 solely conducted on individuals from the wild group. (Table 1) . Length and weight (mean ± SE) of individuals 440 was 443 ± 10 mm and 1147 ± 95 g, respectively (Table 1) . 441
442
(2) Home-range shifts 443 Five individuals exhibited home-range shift in this study (Fig. 5b) . This occurred when 444 an established home-range (based on consecutive fixes at repeated locations) was 445 vacated and a new home-range was established. Two female and three unknown sex M. 446 macquariensis exhibited home-range shift behaviour and mean ± SE length and weight 447 for this group was 407 ± 11 mm and 838 ± 71 g, respectively (Table 1 ). In the case of 448 four of these individuals, single home-range shifts were recorded, varying in distance 449 from 863 m to 2.4 km (see example W12, Fig. 5b ). The fifth individual in this group 450 20 (W6) exhibited four home-range shifts, at least one of which was to a previous home-451 range (Fig. 5b) . These shifts ranged in distance from 1 to 36 km, with the last recorded 452 movement of 36 km to within five metres of a previous location five months earlier 453 (W6, Fig. 5b Another individual (W31, Fig. 5c ) undertook four large-scale movements following the 462 establishment of a home-range. These movements ranged between 2.3 and 20 km and 463 always culminated in a return to a discernible home-range. It should be noted that this 464 individual was detected for 9.5 of the 13 months in a distinct home-range and exhibited 465 fidelity to this location. The remaining individual in this group was located within its 466 home-range on all except for two consecutive radio-tracking occasions. The scale of 467 movement undertaken during these two months is unknown. The six M. macquariensis 468 in this group were one female, two males and three individuals of unknown sex (Table  469 1). Length and weight (mean ± SE) for this group was 494 ± 20 mm and 1633 ± 223 g, 470 respectively (Table 1) If in the future threatened species of Maccullochella were to be translocated, it would be 541 informative to have some understanding of the maximum scale at which they home and 542 whether or not unsuccessful homing behaviour will affect the success of translocation. the second of these publications. Specifically, three main behaviours, home-range 558 occupation, return movements and home-range shifts, were observed. 559 560 However, we also observed behaviour that indicating fish have a detailed spatial 561 knowledge of the riverscape. We are referring to an individual that undertook a return 562 home-range shift in the current study ( Fig. 6 ; also see W6 in Fig. 5 ). Specifically, this is 563 an individual returning to occupy a past home-range, though not its most recent home-564 range. The behaviour typically occurs in a subset of home-range shift cases (Fig. 6) . 
